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| NTRODUCTI ON

The new Lighting Design Guide contained in Engineering

I nstructions 16E001 di scusses |lighting controls using occupancy
sensors. The intent of this paper is to provide the lighting
desi gner additional information about the use and applicability
of these devices and to provide a suggested guide specification
to inport into project specifications.

DESI GN PROCESS

It is highly recommended that the |ighting designer consult with
an application specialist of an authorized occupancy sensor

manuf acturer for assistance in the proper selection and |ocation
of occupancy sensors in the lighting design. The lighting

engi neer shoul d provide the manufacturer’s application speciali st
with all building floor plans necessary for accurate sel ection of
sensor technol ogy types and quantities per controlled room 1In
addition, the lighting designer should furnish the application
specialist wwth the User’s pertinent information on how each room
is to be utilized, including whether open office areas will have
systens furniture, individual offices will have wall-to-wall
bookshel ves, or whether the User plans to later install ceiling
paddl e fans. COccupancy sensor nmanufacturers offer this technical
support service free of charge; sone manufacturers include floppy
disks with wring diagrans in electronic (CAD) format. The
followi ng are anong sone of the nmanufacturers that provide
occupancy sensors and free bl ueprint sensor |ayout service: The
Watt Stopper (800) 879-8585; MyTech (888) 698-3248; and UNENCO
(800) 227-0452. The lighting engineer nmust still show an
accurate |l ayout of occupancy sensors and associ ated system
conponents on the drawi ngs for bidding purposes and in order to
include themin the project cost estimate.

TECHNOLOG ES
PASSI VE | NFRARED (Pl R)

PI R sensi ng systens are passive systens and react only to energy
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sources (such as the human body) fromw thin their control areas.
They sense occupancy by "noticing" the difference in the heat
emtted between the human body and the background. PIR sensors
are best suited to nonitoring open areas where there are no

physi cal obstructions to block the sensor’s field of view PIR
sensors nust be able to "see" the area that needs to be
monitored. Partitions and bookshelves w il prevent detection in
t he bl ocked area.

ULTRASONI C

U trasonic sensors are volunetric notion detectors which utilize
t he Doppler Principle to detect occupancy. They broadcast sounds
hi gh above the range of human hearing to sense novenent. Hearing
aids operate in the range of 10 kHz to 20 kHz (source is Know | s
Elec. @(630) 250-5100, a hearing aid m crophone technol ogy
conpany). Filtering is provided on the m crophone of hearing
aids to prevent interference beyond 20 kHz, if needed. It is
recomended for designers to specify ultrasonic sensors that
operate at frequencies of mninmum 32 kHz. Usually, ultrasonic
sensors consi st of several conponents: a transmtter, receivers
and processing electronics. They work by bouncing ultrasonic
sound waves off objects in the roomand nmeasuring the anount of
tinme it takes for the waves to return. Movenent in the
controll ed area causes the sound waves to return to the receiver
at a faster or slower rate, resulting in a Doppler shift and
occupancy detection. Utrasonic sensors are suited to nonitoring
partitioned areas and areas with | arge objects, such as open
office furniture, that are likely to block the field of view of
PI R sensors.

DUAL TECHNOLOGY

Dual technol ogy conbi nes passive infrared and ultrasonic
technologies into one unit. This technol ogy provides occupancy
sensor coverage to building spaces which have been too

troubl esome for single technol ogy sensors. The conbi nati on of
PIR and ultrasonic allows the sensor to take advantage of the
best features of both technol ogies while elimnating the
weaknesses. The result is sensors with greater sensitivity and
cover age.

APPLI CATI ONS

Sensor _Technol ogy Best and Wrst Applications:

PASSI VE | NFRARED




Best Applications Poor Applications

Encl osed offices Rest roons
War ehouses Areas where only very
Hal | ways, aisle ways smal |l notion is present

Areas with high air flow,

roons wth ceiling paddle fans

Areas requiring 100% coverage cut off
VWl | switch repl acenents

Wor kst ati ons

Hi gh ceiling nount |ocations

Li brary book stack aisles

ULTRASONI C

Best Applications Poor Applications
Open office spaces Spaces W high air flow or vibration;
Conf erence roons Roonms with ceiling paddle fans;
Rest roons Hi gh ceiling nounts above 14-16 feet;
Encl osed hal | ways Smal | areas that are not encl osed,;
Large areas up to Spaces W areas of unwanted detection
2000 sf.

DUAL TECHNO.OGY
Best Applications Poor Applications
Cl assroons NONE. (Dual technology will work in
Large conference roons al nost every application; however
Conput er roons it is not cost-effective
Lunchr oons

Open office spaces with defined aisles

Areas with high ceilings

Areas needing 100% cut off, small notion sensing
Roonms with ceiling paddle fans

CONTROL OF HVAC EQUI PMENT

To locally control HVAC equi pnent, occupancy sensors provide a
dry contact for a digital input to air termnal units (ATUs) of
vari able air volunme systens with DDC systens. |In HVAC, occupancy
sensors hel p stop unnecessary energy waste in unoccupi ed spaces
by quickly reducing the "occupied mnimumair flow setting" at
desi gnat ed ATUs which then reduce the central air handler’s fan
speed and the chiller’s need to provide a high CFM of cold air.
Air flowrate in CFM equates to energy, and energy to utility
bills. Normal occupied node roommnimumair flowlimts



typically range between 35% & 50% of the cal cul ated maxi mum r oom
CFM requi rements. At present, the air flowis never allowed to
drop below the mnimumair flowlimt (typically 35%to 50% of
roommax.), regardless of the roomtenperature or whether the
roomis occupied or nonentarily unoccupied. Wth an occupancy
sensor providing a dry contact digital input signal to the ATU
controls, the mnimumair flowlimt would be determ ned based on
t he occupancy node signal to the ATU controls as follows: the
control system woul d use an occupied node mninumair flow CFM
limt of 35%to 50% of room max (as required) and an unoccupi ed
node mnimumair flow CFMIimt of 10% of room max (typical).

The ATU nmaximumair flow CFMIlimt woul d not change based on
occupancy. The occupied node mnimumair flow CFMIlimt for a
roomis determ ned by the nmechanical system designer, and is
normal |y shown on the mechani cal drawi ngs. The unoccupi ed node
mnimumair flow CFMIimt will ideally be as | ow as possible -
for sinplicity it can be a fixed percentage such as 10% of the
room ATU maximumair flow limt. Only ATUs in 1 to 2 people
office roons and in small conference roons will be interconnected
to occupancy sensors at this tinme, providing that the VAV system
is providing one ATU per room |If the ATU serves nore than one
of fice, then connect the occupancy sensors in parallel and then
to the ATU. The total nunmber of ATUs that should be

i nterconnected to occupancy sensors, for a reduction of total
average air flow CFM nust be limted by the requirenent to

mai ntain the central air handler’s average m ni mum percent of
total CFM above the point where the central air handler will tend
to surge. Going under this average m ni num percent of total CFM
w Il make the air handl er becone unstable. Fortunately, this
probl em can be avoided sinply by programming into the software of
the DDC control systeminstructions such as the follow ng: "DDC
control shall not allow the average mnimumair flow CFM in
percent of total CFM to fall so low as to cause the central air
handl er to surge.” This limt would be determ ned by the
Contractor based on the central air handler procured for the
facility, and the technical reconmmendati ons of the air handl er
manufacturer. The only hard wiring required is to provide the
24VAC control wiring between the occupancy sensor’s additional
internal isolated relay contacts and the ATUs box controller
termnals; the Controls subcontractor will be required to provide
this wiring under section 15951. The electrical engineer wll

i nform the mechani cal engineer that the lighting design wll

i ncl ude occupancy sensors and in which offices and/or conference
roons the sensors will be interconnected to VAV air term nal
units. The electrical engineer will specify on the electrical
drawi ngs which roonms will have occupancy sensors i nterconnected
with ATUs and that 24VAC power wiring, in conduit, will be

provi ded by the Contractor under section 15951 "DDC for HVAC. "




Provi de the nechani cal engi neer the ATU nunbers that wll be

i nterconnected to occupancy sensors. (Qccupancy sensors to be
connected to ATUs shall have an additional internal isolated
relay with NNO, N C, and Comon outputs specifically designed
for use with HVAC control, Data Logging and/or other simlar
control options. Cccupancy sensors that require use of external
conponents such as a power pack control unit, or that are
specially nodified, by soneone other than the manufacturer, shal
not be utilized for interconnecting with ATUs. For techni cal
informati on on DDC controls for HVAC, one source is Landis &
Staefa, Inc. (847)215-1000 or (916)553-4444. Two ot her sources
are Honeywel | (800)328-5111 and Johnson Controls (414)274-4000.

SUGGESTED SPECI FI CATI ON
3.6.1 Cccupancy Sensors
3.6.1.1 Wor k and Equi pnent | ncl uded

A Contractor shall provide all |abor, materials, tools,
appl i ances, sensors, auxiliary control equipnment, wring,
raceways, junction boxes and equi pnent necessary for and
incidental to the delivery, installation and furnishing of a
conpl etely operational occupancy sensor lighting control system
as described herein, and in the roons indicated on the plans.
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If the electrical engineer proposes to interconnect occupancy
sensors to ATUs, then include the foll ow ng paragraph B. The

el ectrical engineer shall informthe nmechani cal engineer in which
smal | offices and/or conference roons the sensors will be
interconnected to VAV air termnal units. Specify on the

el ectrical drawi ngs which roons will have occupancy sensors

i nterconnected with ATUs and that 24VAC power wiring, in conduit,
shal |l be provided by the Contractor under section 15951 "DDC for
HVAC." Provide the nechanical engineer with the ATU nunbers that
w Il be interconnected to occupancy sensors and the specia

par agr aphs, included as an ATTACHVENT at the end of this
specification, that shall be added to specification 15951 for
proper DDC coordi nati on.
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[B. Provide under specification section 15951 "DDC for HVAC, "
the 24VAC power circuit wiring in conduit fromthe Air Term nal
Units (ATUs) specified on the drawi ngs notes to be interconnected
to room occupancy sensors. These occupancy sensors shall be

equi pped by the manufacturer with an internal additional single
pole. Double throwisolated relay with NN.O, N C, and common



out puts specifically designed for use with HVAC control, Data
Loggi ng and other simlar control options.]

C. Contractor shall coordinate all work described in this
section with Architectural, Mechanical, and El ectrical plans and
specifications, including but not limted to light fixtures,
lighting wiring and conduit, HVAC systens and Direct Digital
Controls, location of supply/return air registers/grills. Refer
to architectural plans and cross-section elevations for ceiling
hei ghts and types of suspended ceilings and contours; for

| ocation of HVAC supply and return air registers/grills and |ight
fixtures.

D. Cccupancy sensors shall be coordinated with and be suitable
for installation on a recessed junction box |ocated in the
suspended ceiling or on the wall at the edge of the suspended
ceiling or in place of standard toggle wall switches. 1In |arge
war ehouses, occupancy sensors nay be attached to tops of
suspended light fixtures with approved accessories. Recessed
junction boxes installed in fire-rated type suspended ceiling
construction shall have the sane fire proof rating as the ceiling
panel s, in conformance with UL-03.

3.6.1.2 Qual ity Assurance

A Al |l occupancy sensors and system conponent products supplied
shall be from one manufacturer, and that has been continuously

i nvol ved in the manufacturing of occupancy sensors for a m ni num
of three (3) years. They shall be rated for operation in anbient
air tenperatures ranging from50 degrees F (10C) to 104 degrees F
(40C) or in low tenperature applications, ranging from-40
degrees F (-40C) to 95 degrees F (350C).

B. Al |l occupancy sensors, power packs, and slave packs shall be
UL. listed, offer a five (5) year parts warranty and three (3)
year | abor warranty, and neet all state and | ocal applicabl e code
requi renents, including applicable portions of the National

El ectrical Code.

C. Contractor shall warrant all equi pment furnished in
accordance with this specification to be undanmaged, free of
defects in materials and workmanshi p, and in conformance with the
specifications. The manufacturer’s equi pnment five (5) year
warranty shall include paid postage, repair or replacenment, and
testing without charge to the owner, all or any parts of

equi pnent which are found to be danmaged, defective or
non-conform ng and returned to the supplier. The warranty shal
commence upon the owner's acceptance of the project. Contractor’s



warranty on full |abor cost shall be for a m ninmum period of one
(1) year. Manufacturer’s warranty on |abor shall continue, after
the contractor’s first year, for an additional tw (2) years with
only a $10 | abor allowance per itemreturned for troubl eshooting.

3.6.1.3 Application CGuidelines

Cccupancy sensors shall not be connected to instant start
fluorescent ballasts for instant start of |anps because they
shorten the lanp life by at |east 20 percent. Utilize only rapid
start fluorescent ballasts in joint use with occupancy sensor
lighting control. Designated constant-burn or enmergency exit
light fixtures, or energency battery-and-I|anp-supply-units for
fluorescent or incandescent fixtures shall not be controlled by
occupancy sensor power packs.

3.6.1. 4 System Descri ption

A The occupancy sensor system shall be properly installed so
that lighting is turned off automatically after a reasonable tine
del ay when a roomor area is vacated by the | ast person to occupy
said roomor area. The occupancy sensors shall utilize either
the passive infrared (PIR) technol ogy, ultrasonic notion

t echnol ogy, or dual technology PIR and ultrasonic sensors with

| oad control driving circuitry and factory set timng to trigger
ON. Factory set timng to hold the I oad ON shall be set at 15

m nutes. \When sensor(s) detect notion, they transmt a signal
along a | ow vol tage 24VDC circuit to power and slave pack contro
units, which then turn on lights (load) and/or interface with

ot her systens (such as air termnal unit controls). |[If no notion
subsequent|ly occurs within a predeterm ned period of tine, the
lights are turned off. To insure continuous |ight while people
are present or just stepping in and out of offices, the tine
del ay range on each sensor shall be adjustable froma | ow of 15-
30 seconds up to a high of 8-30 mnutes to maintain |ights ON
Sensors shall turn on the lights (load) within 2 feet of entrance
into the roomand shall not trigger ON from novenent seen outside
the room through doors or through wi ndows. Likew se, after a
roomis vacated, sensors shall not maintain the | oad energized
due to any novenent originating outside the roomor from any
mechani cal novenent inside the roomsuch as fromceiling paddle
fans. Occupancy sensors shall be provided only in those roons
indicated on the project’s lighting floor plan draw ngs.

B. The occupancy sensor based lighting control shal

accommodate all conditions of space utilization and all irregul ar
wor k hours and habits. Aisle or corridor occupancy sensors shal
have a |inear coverage pattern which allows an individual sensor



to detect half-step walking notion at any point within an
unobstructed, enclosed 27.43 neters (90 feet) x 3.05 neters (10
feet x 3.05 neters (10 feet) ceiling, regardl ess of whether
carpeting, wall fabric covering or irregularities in wall
construction exist. Open office detector(s) shall detect snal
hand notions at any point within the entire area of application
in the controlled room

C. Cccupancy sensors and power and sl ave pack control units
shall be connected to power ahead of roomlight wall swtches.
Ceiling and corner nounting occupancy sensors shall operate at

| ow vol tage 24 VDC provided by power pack control units. Wall
mount ed occupancy sensor swi tches shall be dual voltage 120/277V
for connecting directly to line voltage power circuits.

3.6.1.5 SUBM TTALS

A Contractor shall substantiate conpliance with this
specification by submtting the necessary standard catal og
literature of each occupancy sensor and power pack control unit
conponent s which includes performance specifications’ data and
Wi ring diagrans. Any deviations fromthis specification nust be
clearly stated by letter and submtted.
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To best design occupancy sensor |ocation and control of |ighting
in open office areas with systens furniture and partitions, the
Iighting engi neer should first beconme famliar with Interior
Designer’s placenent of systemfurniture and partitions. Try to
circuit groups of light fixtures that fall within clusters of
systens furniture partitions in order to provide adequate
symmetrical lighting that mrrors the occupants’ use of the open
office furniture | ayout.
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B. The contractor shall submt the architect’s reflected
ceiling floor plan(s) clearly marked by the manufacturer to show
proper sensor technol ogy selection, |ocation and orientation of
each sensor for one hundred (100) percent volunetric/range
coverage to detect small hand notions in each controlled room
and to accommodate all occupancy habits of single or multiple
occupants at any location within the roon(s). The designer’s
contract drawi ngs which show | ocations and quantities of sensors
are diagrammtic and indicate only the roons which are to be
provided with sensors. Therefore, the manufacturer shall be
responsi ble for requesting all of the project’s electrical
lighting floor plans, light fixture schedule and detail draw ngs,
the architectural drawi ngs and building cross sections to show



fl oors and room el evations, and interior design draw ngs which
indicate the furniture package |ayout. Contractor shall provide
alist of the controlled roonms with the following information, to
i ndicate per room 1) type of ceiling--suspended or open; 2)
cross sectional shape of suspended ceiling--flat, bi-Ievel
ceiling, etc; 3) ceiling height; 4) light fixture type--

i ncandescent, fluorescent, or other; 5) if placenent of sensor is
on recessed j-box, or attached to suspended |light fixtures, as in
war ehouses; 6) manufacturer has coordi nated pl acenent of
occupancy sensor on the suspended ceiling with |ocations of
structural beans and HVAC supply/return air registers/grills
shown on the architectural reflected ceiling plan; 7)
manuf act urer has coordinated with lighting designer to determ ne
whi ch roons are pre-wired for future installation of ceiling
paddl e fans.

C. Contractor shall submt interconnection diagrans per room
show ng quantities of occupancy sensors, technology and nodel
types, power pack and sl ave pack control units, and groups of
light fixtures controlled to including Iine voltage circuits and
| ow voltage 24VDC circuit wiring diagrans. All circuiting shal
be in conduit.

3.6.1.6 SYSTEM OPERATI ON

A It shall be the contractor’s responsibility to count al
lighting circuits throughout the building(s) which are occupancy
sensor controlled and to verify each lighting circuit line

vol tage. The contractor shall be responsible for ordering al
power pack and sl ave pack control units with the correct circuit
i ne vol tage.

B. The contractor shall provide a manufacturer’s factory

aut hori zed technician to nake all proper adjustnents, to train
user's personnel, and to assure the user's satisfaction with the
occupancy system

C. The occupancy sensors and conponent system shall be
installed in accordance with NFPA 70 (National Electrical Code)
requi renents and the manufacturer’s reconmendati ons.

3.6.1.7 PERFORVMANCE AND PRODUCTS: All occupancy sensors and
control units shall be from ONE MANUFACTURER only.

A The sensitivity and/or range of all sensors shall be fromO
- 100% and capabl e of detecting small desk oriented hand notion
novenents such as typing, witing, or turning pages of a report
over the entire area of application within the controlled room



Al'l sensors shall utilize solid state el ectronic design
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Wal |l switch sensors cannot be interlocked with HVAC air term na
units (ATUs) since wall sensors do not have an integral single
pol e, double throw isolated relay with NNO, N C, and common

out puts specifically dedicated for use with HVAC control. [If DDC
and a variable air volune type HVAC are provided and the lighting
designer is proposing to interconnect sonme occupancy sensors with
same room ATUs, then it is not recommended for designers to
choose wall switch sensors in single or dual occupant offices or
smal | conference roons; but, instead provide ceiling sensors
specifically designed to be interconnected with ATUs for added
ener gy savi ngs.
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B. VWal | switch sensors shall be capabl e of detecting occupancy
by small hand notion novenents at desktop |evel up to 300 square
feet, and gross notion up to 1000 square feet. Do not instal
sensors in |locations where the necessary coverage range will be
obstructed by doors or furniture.

C. Wal |l switch sensors shall be decorator style able to fit
behi nd a standard decorator type wall plate. Sensors shall be a
3-wre conpletely self-contained control system designed to
replace the standard toggle switch. Sensors shall have a ground
wire for safety. Sensors shall be designed to fit in a standard
si ngl e-gang sw tchbox. Munt in multi-gang box when adjacent to
other switches. The sw tching nmechanismshall be a latching air
gap relay conpatible with all fluorescent (including conpact
fluorescent) electronic ballasts with THD of |ess than 10%

D. PIR wall switch sensors shall incorporate a vandal -resi stant
| ens and choi ce of an auto-on/auto-off/manual -off switch. Wall
swi tch sensors shall be unconditionally warrantied for the full 5
years term

E. Wal |l switch sensors shall have no mninmum |l oad and shall be
capabl e of switching loads fromO to 600 watts or 1/6 HP at 120
volts, 60 Hz; O to 1200 watts or 1/3 HP at 277 volts, 60 Hz, and
shal | have 180 degree coverage capability. Sensors shall have no
| eakage current to the load, in manual or in Auto/Of node, for
saf ety purposes and shall have voltage drop protection.
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If the lighting designer is not proposing to interconnect the
occupancy sensor systemw th |ocal ATUs, then consider
i ncorporating the foll ow ng paragraph, if applicable.
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[ F. Wall switch PIR sensors, in roonms with exterior facing

w ndows, shall contain a built-in light |evel feature (adjustable
frommnimum 20 to 200 footcandles) which wll hold lights OFF if
a user-specified |l evel of 30 FC (conference roon), or 50 FC
(offices) anmbient natural |ight already exists. The user shal
bypass this feature sinply by placing hand over the sensor’s
face, for a second. The manufacturer’s authorized factory
technician shall verify room footcandl e settings.]

G Passive Infrared (PIR) sensors shall be imune to false
triggering fromRFI (walkie talkies) and EM (el ectrical noise on
the line), and shall exhibit superior performance and
reliability. In addition, these sensors shall have a daylight
filter which ensures that the sensor is insensitive to short-
wavel ength infrared waves such as those emtted by the sun.
Ceiling nmounted 360 degrees PIR sensors shall be capabl e of
detecti ng occupancy at desktop level with snmall hand notion up to
500 square feet, and gross notion up to 1200 square feet.

Addi tional sensors shall be provided, if necessary.

H. To insure detection with snmall hand notion at desktop |evel,
PI R sensors shall have a dual |evel/segnent, nultiple segnented
Fresnel lens, in a multiple-tier configuration, with grooves-in
to elimnate dust and residue build up.
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Do not use single technology ultrasonic sensors in roons wth
pl anned ceiling paddle fans.
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| . The ul trasoni c sensor shall be capable of detecting presence
in the floor area/roomto be controlled by detecting Doppler
shifts in transmtted ultrasound. U trasonic operating frequency
shall be solid state crystal controlled 32 kHz, m nimum plus or
m nus 0.005% tol erance to assure reliable performance and

el imnate sensor cross talk. Sensors throughout the buil ding
shall all be of the same frequency, to assure conpatibility in
the event nore sensors are added or units are repl aced.

J. U trasoni c sensors shall have a nultidirectional transmtter
with tenperature and humdity resistant, 32 kHz tuned ultrasonic
receivers. Detection shall be nmaintai ned when a person of
average size and wei ght noves only within or a maxi num di stance
of 12 inches (30 cm either in a horizontal or vertical manner at
t he approxi mate speed of 12 inches (30 cm per second. Ceiling
nmount ed 360 degrees ultrasonic sensors shall be capabl e of

11



detecting occupancy at desktop level with small hand notion only,
fromless than 500 square feet up to 2000 square feet, as

applicable. If necessary, provide additional sensors.

K. Where specified, Passive Infrared and Dual Technol ogy
sensors shall be able to accommpdate bi-level lighting control

L. Dual Technol ogy sensors shall incorporate PIR and ultrasonic

technol ogi es. Dual Technol ogy sensors shall be corner nounted to
avoi d detection outside the controlled area when doors are |eft
open. In the standard configuration, dual technol ogy sensors
turn |ighting ON when both technol ogi es sense occupancy. Then,
detection by either technology will hold lighting ON. After the
controll ed area has been vacated for a set anmount of tine,
lighting swtches OFF. O her control options are avail able which
need only one technology to trigger or both to hold the lighting
ON

M Dual technol ogy sensors consisting of PIR and Audio (mcro
phoni cs or sound) are not acceptable. They are prone to

mai ntaining lights on indefinitely, due to their susceptibility
to extraneous noises clearly heard inside the controlled room

[ such as froma phone ringing, PA a radio left on, aircraft
taking off, loud construction, etc.,] which are not nmade by the
room occupants. |In addition, this technol ogy has only one
manuf act ur er.
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These sensors utilize PIRto turn lights on and then use either
the PIR or Audio technology to maintain lights on, until the room
is vacated. However, there exists a strong possibility that any
di fferent sound occurring within the preset 15 m nutes may
continue to reset the 15 minute tiner. Hence, |light fixtures may
be kept energized indefinitely, in an already enpty room if the
timer is reset within the 15 mnute interval due to a radio |left
on, a public address call, tel ephone ringing, fighter aircraft
taking off, large trucks, passing traffic on a busy street, car
honki ng, | oud construction, or other |oud noise that is different
and quite audible inside of the controlled room These dual

t echnol ogy sensors woul d not be recomrended in roons with ceiling
paddl e fans, if the notors becone noi sy.
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N. Coverage of sensors shall remain constant after sensitivity
control has been set. No automatic reduction shall occur in
coverage due to the cycling of air conditioner, heating fans, or
ceiling paddle fans.
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O All sensors shall have readily accessible, user-adjustable
controls for tinme delay and sensitivity. These controls shall be
| ocated on the sensor head, below the ceiling, and recessed to
[imt tanpering.

P. In the event of failure, a bypass manual override shall be
provi ded on each sensor. \Wen bypass is utilized, |ighting shal
remain ON constantly or control shall divert to a wall toggle
l[ight switch until sensor is replaced. This manual override
control in the sensor shall be recessed to prevent tanpering.

Q Al'l sensors shall provide a nethod of indication, such as a
LED, to verify that notion is being detected during testing and
that the unit i s working.

R Where specified to interconnect sensors to air term nal
units of a variable air volune HVAC system provide sensors that
have an internal additional isolated relay with Normally QOpen,
Normal |y Cl osed and Comon out puts specifically designed for use
wi th HVAC control, Data Loggi ng and other control options.
Sensors utilizing separate and auxiliary external conponent(s)
such as power pack control units or are specially nodified units
to achieve this function, shall not be acceptable.

S. Al'l sensors shall have UL rated, 94V-0 flammability rated

t her nopl astic, rugged, high inpact injection nolded, and | ow
profile enclosures in white or off-white color. Size and wei ght
of each sensor shall be as small and |light as possible. Sensors,
except those that require nounting on a swi vel bracket, shall not
be greater than 150 nmx 50 mm x 160 mm(6" H x 2.0" D x 6.25" W.

3.6.1.8 PONER AND SLAVE PACK CONTROL UNITS: Control units are
i ntended for use in conjunction with ceiling-nounted occupancy
sensors. Control units shall switch |ine voltage |ighting |oads
and rated notor | oads on and off in response to | ow voltage
signals received fromceiling-nounted occupancy sensors. Contro
units shall have no m nimum | oad requirenents.

A For ease of nounting, installation and future service,
control units shall be able to externally nount through a knock
out on a standard electrical junction-box enclosure with no
exposed wiring, and be an integrated, self-contained unit
consisting internally of an isolated |load switching control relay
and a transforner. Control units shall rectify line voltage and
provi de 24VDC and 100mA (or 800mA, as required) |owvoltage power
to ceiling-nounted occupancy sensors. Each control unit shal
provi de power to, and receive control signals from a m ni nrum of
two (2) sensors. Physical size of control units shall be
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approximately 70 mmx 70 mmx 70 mm (2. 75" x 2.75" x 2.75").

B. Control Unit integral relay dry contacts shall have UL
listed ratings for swtching:

1) 13A incandescent loads, 1 HP @120 or 277 VAC, 60 HZ

2) 20A @120 or 277 VAC, 60 HZ for all fluorescent |anp
type electronic ballasts with THD of |ess than 10%

3) 20A @220-240 VAC, 50 HzZ for all fluorescent |anmp type
el ectronic ballasts with THD of |ess than 10%

4) 13A incandescent |oads, 1 HP @220-240 VAC, 50 HzZ

C. Power packs shall be capable of parallel wring wthout
regard to AC phases on the primary, and be capable of working in
a master/slave arrangenent to control nultiple circuits together

D. Sl ave packs shall be identical in physical size of power
packs and contain no transforner power supply, only an integral
relay and dry contacts. They shall be capable of switching 120
VAC, 277 VAC, 220-240 VAC, 347 VAC @50 HZ or 60 HZ, or |ow

vol tage circuits.

E. Control wring between sensors and controls units shall be
size 18-24 AWG stranded THWN insul ation, Cass 2 according to NEC
Section 725-52. Provide all control wiring only in EMI or

fl exi ble conduit, separated from 120V or 277V circuits.

3.6.1.9 | NSTALLATI ON AND ADJUSTMENTS

A It is the contractor’s responsibility to arrange a
pre-installation neeting with the manufacturer's factory

authori zed representative, at the user's facility, to verify
quantity, type, and placenent of sensors, along with installation
criteria.

B. It shall be the contractor’s responsibility to provide and
pl ace the manufacturer’s recomended quantity and type of sensors
in each room

C. Proper judgnent nmust be exercised in executing the
installation so as to ensure the best possible installation in
the avail abl e space and to overcone local difficulties due to
space limtations or interference by structural conponents.

D. Al l occupancy sensor systens shall be conpletely

conm ssioned by the manufacturer’s factory authorized technician
who will fine tune and verify all adjustnents and sensor

pl acenent to ensure a troubl e-free occupancy-based |ighting
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control system and to assure the user’s satisfaction. |t shal
be the manufacturer’s factory authorized technician’s
responsibility to verify correct placenent, location, and to aim
sensor(s) in the correct direction which is required for a

conpl ete and proper volunetric/range coverage of each controlled
room This shall occur prior to building user nove-in, but after
installation of furniture systens, shelving, partitions, etc.
Each controll ed roomshall have one hundred (100) percent

vol unetric/range coverage capabl e of detecting small hand notion
novenents, accommodating all occupancy habits of single or
mul ti ple occupants at any location within the controlled room
The contractor shall provide additional sensors, if required by
the manufacturer’s factory authorized representative, to properly
and conpl etely cover the respective roon(s).

E. Manuf acturer’s authorized factory representative shal
verify that sensor tinme delay to hold the load ONis set to
fifteen (15) mnutes. Check LED indicator light of each sensor
to verify that notion is being detected in the coverage range
desi red.

F. The contractor shall provide both the Contracting Oficer
and the User wwth ten working days witten notice of the
schedul ed conm ssi oni ng dat e.

G Upon user acceptance of installed occupancy sensor system
sensor operating frequencies, ranges, and sensitivities shall not
require further field adjustnments to insure non-interference with
ot her sensors in the controlled room The manufacturer’s factory
aut hori zed technician shall provide the Contracting O ficer three
(3) binders, each with the follow ng: 1) original catalog
brochure copy with specification data and installation
instructions for each sensor nodel and technol ogy type install ed;
2) per room nane/ nunber, provide the operating frequency setting,
range setting, and sensitivity setting of each occupancy sensor
installed for the entire building, in 8 % x 11 paper. Xerox
copies of manufacturer’s literature, wll not be accepted. The
user shall be able to replace failed sensor units in the future
and be assured of continued proper coordi nated operation that

mat ches initial installed conditions.

H. Prior to User nove-in, but after comm ssioning of occupancy
sensor systen(s), the contractor shall provide a nmanufacturer's
factory authorized technician at the user’s facility, to train
user's personnel including up to two (2) Base [ Post]
electrician(s), a maxinmnumtotal of 4 people for two 8 hour days,
to famliarize themwth the operation, use, adjustnment, and
probl em sol vi ng di agnosi s of the occupancy sensing devices and
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systens, and if required to replace sensors and power and sl ave
pack control units, wthout voiding the manufacturer’s 5 year
warranty.

| . The contractor shall provide mninmm 10 spare of each power
pack and slave pack control units, and 2 spare of each type of
sensor installed, to the Contracting Oficer who will turn them
over to the user.

J. Multiple site visits by manufacturer’s factory authorized
techni cian may be required depending on the project schedule and
t he success of the contractor in adhering to the manufacturer’s
installation drawi ngs and/or instructions. Contractor shall make
avai | abl e upon request of the manufacturer’s factory authorized
techni cian, | adders and/or lift equi pnmrent and one el ectri cal
technician to assist in locating and gai ning access to roons
where conm ssioning is to occur and to assist in any other way
deened necessary. Contractor shall incur the cost of a conplete
manuf acturer’s factory conm ssioning for all sensors, power and
sl ave pack control units, along with nmultiple site visits if
necessary, as a part of this contract.

ATTACHVENT
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| f occupancy sensors will be interconnected to the VAV air
termnal units, provide the nechanical engineer with the
follow ng nodifications to specification 15951 to coordinate the
DDC programm ng to protect the central air handler, to properly
assign the work to wire the ATUs, and how the Contractor shal
acconplish this work.

R R b b S b b S b S b b S b bk S b R bk S b I b S b R R b S b i b b S b b b S b S b b S R R R

Add to Specification 15951, "Direct Digital Control for HVAC

Add to 2.13.2 Variable Air Volume (VAV) Termnal Unit
Control s

[ A certain nunber of VAV air termnal units shall also be

i nterconnected to the room occupancy sensors as specified in
Section 16415, paragraph "QGccupancy Sensors." Furnish control
wiring and conduit fromthe individual air termnal unit (ATU)
box controller to the appropriate room occupancy sensor, and
term nate on the occupancy sensor’s internal additional isolated
relay dry contacts, as required. ATUs controlled by occupancy
sensors are shown on the nechanical and electrical project
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drawi ngs. |

Add to 3.3.3.11 Pr essur e- | ndependent Terni nal VAV Box with
Vel ocity Controller

R R b b S b b S b I b b S b bk S b R bk S b I b S b S S I Rk i b b S b b b S b S b S b b S b b b S

The nechani cal designer shall check with the electrical engineer
on whet her single or dual occupant office roons and snal
conference roons will have VAV air termnal unit box controllers
i nterconnected to roomlighting occupancy sensors. The
mechani cal designer shall then determne if the conbi ned nunber
of ATU box controllers, interconnected to occupancy sensors and
programmed to reduce minimumair flowlimt to 10% on an
unoccupi ed i nput signal froma room occupancy sensor, could
reduce the average mnimumair flow demand, in percent of total
CFM so low to where the central air handler may tend to surge
and potentially becone unstable, while using a variable frequency
drive. |If this can possibly be the case, include the follow ng
second sentence in brackets. Adding DDC progranm ng to prevent
an air handler frombeing driven near its surge point is
expensi ve and is not necessary on all VAV designs. Therefore,

t he nechani cal designer should not needl essly include this
addi ti onal programm ng when only a few ATUs w || be

i nterconnected to occupancy sensors.
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[ For VAV air termnal unit box controllers with Occupancy Sensor
inputs, the controller’s mnimumair flowlimt wll have
occupi ed and unoccupi ed settings which will be sel ected based on
an input signal fromthe Gccupancy Sensor. The box controller’s
occupied nmode minimumair flow CFMIlimt will be 35%to 50% of
room maxi mum unl ess indicated otherwi se on the nmechani cal

drawi ngs. The controller’s unoccupied node mninmumair flow CFM
limt wll be a fixed percentage of 10% of room maxi num
typical.] [Direct digital control shall be programmed to not
allow the sumtotal nunber of ATU box controllers that throttled
back to 10%to reduce the average mninumair flow, in percent of
total air handler CFM to fall so low as to cause the central air
handl er to surge and becone unstable. The Contractor shal

obtain fromthe manufacturer of the central air handler, the fan
safety limt where the air handler wll surge and shall program
the DDC to override occupancy sensor inputs to ATU box
controllers and maintain mnimmair flows of 35%to 50% ]
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